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INTRODUCTIONINTRODUCTION 

ThisThis reportreport ofof progressprogress consistsconsists ofof JobJob SegmentSegment 
ReportsReports fromfrom thethe StateState ofof AlaskaAlaska FederalFederal AidAid inin FishFish 
RestorationRestoration ProjectProject F-S-R-6,F-S-R-6, "Sport"Sport FishFish InvestigationsInvestigations 
ofof Alaska."Alaska." 

TheThe projectproject duringduring thisthis reportreport periodperiod isis composedcomposed 
ofof 2323 separateseparate studiesstudies designeddesigned toto evaluateevaluate thethe variousvarious 
aspectsaspects ofof thethe State'sState's recreationalrecreational fisheryfishery resources.resources. 
OfOf these,these, eighteight jobsjobs areare designeddesigned toto pursuepursue thethe cata­cata­
logingloging andand inventoryinventory ofof thethe numerousnumerous StateState waterswaters inin anan 
attemptattempt toto indexindex thethe potentialpotential recreationalrecreational fisheries.fisheries. 
FourFour jobsjobs areare designeddesigned forfor collectioncollection ofof specificspecific sportsport 
fisheriesfisheries creelcreel censuscensus whilewhile thethe remainderremainder ofof thethe jobsjobs 
areare moremore specificspecific inin nature.nature. TheseThese includeinclude independentindependent 
studiesstudies onon kingking salmon,salmon, silversilver salmon,salmon, grayling,grayling, DollyDolly 
Varden,Varden, aa statewidestatewide accessaccess evaluationevaluation programprogram andand anan 
eggegg taketake program.program. 

AA reportreport concerningconcerning thethe residualresidual effectseffects ofof toxa­toxa­
phenephene accumulatesaccumulates thethe findingsfindings ofof aa three-yearthree-year study.study. 
TheThe reportreport presentedpresented herehere terminatesterminates thisthis segmentsegment andand 
isis aa finalfinal report.report. TheThe informationinformation gatheredgathered fromfrom thethe 
combinedcombined studiesstudies willwill provideprovide thethe necessarynecessary backgroundbackground 
datadata forfor aa betterbetter understandingunderstanding ofof locallocal managementmanagement 
problemsproblems andand willwill assistassist inin thethe developmentdevelopment ofof futurefuture 
investigationalinvestigational studies.studies. 

TheThe subjectsubject mattermatter containedcontained withinwithin thesethese reportsreports 
isis oftenoften fragmentaryfragmentary inin nature.nature. TheThe findingsfindings maymay notnot 
bebe conclusiveconclusive andand thethe interpretationsinterpretations containedcontained thereintherein 
areare subjectsubject toto re-evaluationre-evaluation asas thethe workwork progresses.progresses. 
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ABSTRACTABSTRACT 

SixSix lakeslakes betweenbetween PalmerPalmer andand Willow,Willow, experimentallyexperimentally re­re­
habilitatedhabilitated inin 19611961 withwith aa concentrationconcentration ofof 1010 partsparts perper 
billionbillion toxaphene,toxaphene, werewere followedfollowed byby aa three-yearthree-year studystudy toto 
attemptattempt toto determinedetermine thethe effectseffects ofof thethe toxicant.toxicant. 

TwoTwo seriesseries ofof livelive carcar teststests werewere runrun inin 19621962 andand twotwo 
seriesseries werewere runrun inin 1963.1963. TheThe lastlast fewfew survivingsurviving fishfish fromfrom 
teststests atat eacheach lakelake werewere sentsent toto aa professionalprofessional laboratorylaboratory 
forfor analysis.analysis. HighestHighest mortalitymortality occurredoccurred duringduring thethe firstfirst 
testtest seriesseries eacheach year.year. AllAll samplessamples werewere takentaken byby gillgill netnet 
inin 1964,1964, whichwhich werewere capturedcaptured fishfish plantedplanted inin 1963.1963. 

FingerFinger andand WillowWillow LakesLakes werewere consideredconsidered detoxifieddetoxified inin 
latelate 1962.1962. WillowWillow LakeLake waswas notnot stockedstocked duedue toto reinfestation,reinfestation, 
butbut FingerFinger LakeLake receivedreceived aa plantplant ofof hatchery-rearedhatchery-reared rainbowrainbow 
trout.trout. TheThe fourfour barrenbarren studystudy waterswaters werewere consideredconsidered detoxi­detoxi­
fiedfied inin 1963,1963, andand werewere plantedplanted withwith rainbowrainbow trout.trout. TestTest netnet 
studiesstudies inin 19641964 showedshowed survivalsurvival ofof plantedplanted gamegame fishfish inin allall 
testtest lakes.lakes. TheThe deepestdeepest water,water, FlorenceFlorence Lake,Lake, containedcontained thethe 
highesthighest toxintoxin residueresidue atat thethe closeclose ofof study.study. WillowWillow LakeLake waswas 
reinfestedreinfested withwith sticklebackstickleback inin 1962,1962, andand CrystalCrystal andand FingerFinger 
LakesLakes werewere reinfestedreinfested inin 1963.1963. MudMud andand waterwater samplessamples takentaken 
inin 19621962 andand 19631963 containedcontained nono significantsignificant amountsamounts ofof residualresidual 
toxin.toxin. 

RoadRoad andand weatherweather conditionsconditions severelyseverely restrictedrestricted inverte­inverte­
bratebrate successionsuccession studies,studies, althoughalthough itit waswas notednoted thatthat allall 
waterswaters exhibitedexhibited lowlow basicbasic productivity.productivity. TheThe bestbest inverte­inverte­
bratebrate populationspopulations werewere presentpresent inin FingerFinger andand WillowWillow Lakes.Lakes. 
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RelativeRelative toxicitytoxicity amongamong thethe testtest waterswaters appearedappeared toto bebe 
contingentcontingent onon maximummaximum depthdepth andand percentagepercentage ofof waterwater volumevolume 
belowbelow thethe plantplant productionproduction level.level. 

RECOMMENDATIONSRECOMMENDATIONS 

1.1.	 ItIt isis recommendedrecommended thatthat thisthis studystudy bebe terminated,terminated, 
sincesince allall testtest waterswaters areare nownow sustainingsustaining fishablefishable 
populationspopulations ofof gamegame fishes.fishes. 

2.2.	 ItIt isis recommendedrecommended thatthat toxaphenetoxaphene bebe consideredconsidered asas 
aa useful,useful, economicaleconomical managementmanagement tooltool forfor lakelake 
rehabilitationrehabilitation inin thisthis areaarea ofof Alaska.Alaska. LimitationLimitation 
shouldshould bebe mademade toto eutrophiceutrophic lakeslakes containingcontaining aa 
highhigh percentagepercentage ofof shoalshoal areaarea andand vegetation.vegetation. LakesLakes 
withwith deepdeep areasareas wherewhere thethe chemicalchemical wouldwould notnot oxidizeoxidize 
exceptexcept whenwhen broughtbrought toto thethe surfacesurface duringduring overturnoverturn 
periodsperiods shouldshould bebe avoided.avoided. AcceptableAcceptable waterswaters willwill 
detoxifydetoxify inin oneone yearyear ifif thethe chemicalchemical concentrationconcentration 
usedused doesdoes notnot exceedexceed 1010 partsparts perper billion.billion. AA smallsmall 
lakelake notnot includedincluded inin thisthis programprogram waswas treatedtreated 
earlierearlier thanthan thethe othersothers withwith 2525 partsparts perper billion.billion. 
PlantedPlanted fishfish diddid notnot survivesurvive therethere untiluntil threethree yearsyears 
afterafter treatment.treatment. 

3.3.	 ItIt isis recommendedrecommended thatthat FingerFinger LakeLake bebe stockedstocked andand 
evaluatedevaluated byby testtest netnet andand creelcreel censuscensus studiesstudies eacheach 
year,year, andand thatthat thethe remainingremaining testtest waterswaters bebe placedplaced 
onon aa likelike basis.basis. WillowWillow LakeLake shouldshould bebe omittedomitted 
fromfrom thethe stockingstocking scheduleschedule duedue toto thethe fairfair nativenative 
silversilver salmonsalmon populationpopulation presentpresent there.there. 

OBJECTIVESOBJECTIVES 

1.1.	 ToTo determinedetermine thethe existenceexistence andand distributiondistribution ofof 
residualresidual toxaphenetoxaphene inin sixsix ofof thethe MatanuskaMatanuska ValleyValley 
LakesLakes rehabilitatedrehabilitated inin 1961.1961. 

2.2.	 ToTo determinedetermine thethe toxicitytoxicity ofof thesethese lakeslakes inin relationrelation 
toto gamegame fishes.fishes. 

3.3.	 ToTo determinedetermine thethe timetime thesethese lakeslakes becomebecome suitablesuitable 
habitathabitat forfor gamegame fishes.fishes. 

4.4. ToTo provideprovide recommendationsrecommendations forfor futurefuture studiesstudies andand 
managementmanagement ofof thesethese andand similarsimilar lakes.lakes. 
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5.5. ToTo determinedetermine invertebrateinvertebrate speciesspecies succession.succession. 

TECHNIQUESTECHNIQUES 

SixSix lakeslakes betweenbetween PalmerPalmer andand WillowWillow werewere experimentallyexperimentally 
rehabilitatedrehabilitated inin 19611961 withwith aa concentrationconcentration ofof 1010 partsparts perper 
billionbillion toxaphene.toxaphene. LocationLocation ofof thesethese waterswaters isis shownshown inin 
FigureFigure 1.1. AA three-yearthree-year studystudy followedfollowed inin anan efforteffort toto deter­deter­
minemine thethe effectseffects ofof thethe toxicant.toxicant. 

InIn 19621962 andand 19631963 screenedscreened livelive boxes,boxes, eacheach containingcontaining 1515 
toto 2020 wildwild rainbowrainbow trouttrout andand silversilver salmonsalmon fingerlingsfingerlings 
threethree toto fivefive inchesinches long,long, werewere introducedintroduced toto thethe studystudy lakes.lakes. 
DuringDuring thethe secondsecond seriesseries ofof teststests inin 1963,1963, hatchery-rearedhatchery-reared 
silversilver salmonsalmon averagingaveraging 22 inchesinches longlong werewere utilized.utilized. EachEach boxbox 
consistedconsisted ofof woodwood frameframe coveredcovered withwith screenscreen measuringmeasuring 55 meshmesh 
toto thethe inchinch withwith aa hingedhinged doordoor atat oneone end.end. DimensionsDimensions ofof thethe 
boxbox werewere 1818 xx 1818 xx 3030 inches.inches. BeforeBefore boxesboxes werewere placed,placed, dis­dis­
solvedsolved oxygenoxygen andand temperaturetemperature measurementsmeasurements werewere mademade toto assureassure 
thatthat aa suitablesuitable naturalnatural environmentenvironment existedexisted atat thethe depthsdepths forfor 
whichwhich thethe unitsunits werewere destined.destined. TwoTwo seriesseries ofof livelive boxbox teststests 
werewere runrun atat eacheach lakelake bothboth years,years, exceptexcept atat WillowWillow andand FingerFinger 
Lakes.Lakes. InIn 19631963 samplesample fishfish werewere takentaken byby gillgill netnet inin thesethese 
twotwo waters.waters. WillowWillow LakeLake receivedreceived aa naturalnatural plantplant viavia itsits out­out­
let,let, andand rainbowrainbow trouttrout hadhad beenbeen plantedplanted successfullysuccessfully inin Fin­Fin­
gerger LakeLake inin 1962.1962. TwoTwo controlcontrol waters,waters, NancyNancy andand WasillaWasilla Lakes,Lakes, 
werewere utilizedutilized inin conjunctionconjunction withwith thethe livelive boxbox study.study. DueDue toto 
wetwet roadroad conditionsconditions inin 1963,1963, whichwhich hamperedhampered periodicperiodic observa­observa­
tiontion ofof seriesseries oneone testtest units,units, allall fishfish expiredexpired inin CrystalCrystal 
LakeLake andand beaversbeavers severedsevered thethe buoybuoy lineslines inin BumblebeeBumblebee LakeLake be­be­
forefore survivingsurviving fishfish couldcould bebe extractedextracted forfor analysis.analysis. 

PilotPilot plantsplants werewere attemptedattempted atat thethe lakeslakes asas earlyearly asas 
samplesample resultsresults indicatedindicated aa possibilitypossibility ofof survival.survival. TheThe 
firstfirst introductionintroduction waswas mademade toto FingerFinger LakeLake inin 1962.1962. AllAll 
waterswaters exceptexcept WillowWillow LakeLake (restocked(restocked naturally)naturally) werewere plantedplanted 
experimentallyexperimentally withwith rainbowrainbow trouttrout inin 19631963 andand 1964.1964. TheThe 
19641964 plantingsplantings toto thethe testtest waterswaters werewere mademade inin eventevent ofof fail­fail ­
ureure ofof survivalsurvival ofof thethe 19631963 introductionsintroductions inin anyany oror allall waters.waters. 

InIn JulyJuly ofof 19641964 fishfish samplesample collectionscollections werewere mademade en­en­
tirelytirely byby gillgill netnet fromfrom successfulsuccessful 19631963 plantsplants inin allall studystudy 
waterswaters exceptexcept WillowWillow Lake.Lake. LateLate returnsreturns ofof 19631963 samplesample re­re­
sultssults showedshowed thatthat toxicitytoxicity levelslevels atat WillowWillow LakeLake werewere lowlow 
enoughenough toto makemake furtherfurther samplingsampling costscosts unnecessary.unnecessary. Experi­Experi­
mentalmental gillgill nets,nets, 125125 feetfeet longlong withwith 2525 footfoot panelspanels inin 1/2,1/2, 
3/4,3/4, I,I, 1-1/41-1/4 andand 1-1/21-1/2 inchinch barbar measuremeasure incrementsincrements werewere uti­uti ­
lized.lized. FingerFinger LakeLake waswas nettednetted aa secondsecond timetime inin SeptemberSeptember inin 
anan attemptattempt toto determinedetermine raterate ofof detoxification,detoxification, byby furtherfurther 
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analysisanalysis ofof fishfish flesh.flesh. 

WaterWater andand mudmud samplessamples werewere collectedcollected fromfrom allall studystudy lakeslakes 
andand sentsent forfor analysisanalysis inin 1962.1962. WaterWater samplessamples werewere collectedcollected 
againagain atat FingerFinger LakeLake inin 1963,1963, atat thethe 5-,5-, 20-,20-, andand 35-foot35-foot 
levelslevels duringduring thethe overturnoverturn periodperiod inin May.May. InIn OctoberOctober ofof 19631963 
aa waterwater samplesample waswas takentaken fromfrom thethe 5-foot5-foot levellevel ofof eacheach testtest 
lakelake duringduring thethe fallfall overturnoverturn period.period. TheThe 19631963 collectionscollections 
werewere attemptsattempts toto measuremeasure possiblepossible upwellingupwelling ofof residualresidual 
toxintoxin fromfrom thethe lakelake depths.depths. 

ResidualResidual toxaphenetoxaphene analysesanalyses werewere mademade fromfrom thethe lastlast fewfew 
survivorssurvivors fromfrom eacheach ofof thethe livelive boxes,boxes, fromfrom nettednetted fish,fish, andand 
fromfrom mud,mud, waterwater andand invertebrateinvertebrate insectinsect samples.samples. TheThe Food,Food, 
ChemicalChemical andand ResearchResearch LaboratoryLaboratory employedemployed inin 19621962 andand 19631963 
ceasedceased operationsoperations inin 1964.1964. TheThe DepartmentDepartment ofof AgriculturalAgricultural 
ChemistryChemistry atat OregonOregon StateState UniversityUniversity waswas employedemployed forfor thethe 
finalfinal seriesseries ofof tests.tests. AllAll samplesample fishfish werewere quick-frozenquick-frozen 
andand airmailedairmailed toto thethe testingtesting laboratories.laboratories. 

AttemptsAttempts toto measuremeasure invertebrateinvertebrate speciesspecies successionsuccession metmet 
withwith limitedlimited success.success. EckmanEckman dredgedredge techniquestechniques failedfailed com­com­
pletelypletely duedue toto thethe scarcityscarcity ofof organisms.organisms. InIn 19621962 aa 70-70- toto 
100-foot100-foot sectionsection ofof shorelineshoreline areaarea ofof eacheach lakelake waswas markedmarked 
offoff andand aa dipdip netnet waswas passedpassed throughthrough aa seriesseries ofof arcsarcs eacheach 
66 feetfeet longlong alongalong thethe bottombottom inin thethe testtest areasareas atat randomrandom 
intervals.intervals. EnoughEnough passespasses werewere takentaken toto obtainobtain aa samplesample ade­ade­
quatequate forfor futurefuture comparisons.comparisons. PlanktonPlankton measurementsmeasurements werewere 
mademade usingusing aa standardstandard planktonplankton net.net. ContentsContents ofof aa 20-foot20-foot 
towtow werewere emptiedemptied intointo aa pintpint container.container. ThreeThree equalequal samplessamples 
fromfrom eacheach containercontainer werewere observedobserved underunder aa stereomicroscopestereomicroscope 
andand thethe quantitativequantitative countscounts werewere averaged.averaged. InIn 19631963 inverte­inverte­
bratebrate collectionscollections werewere suspendedsuspended becausebecause difficultdifficult roadroad 
conditionsconditions preventedprevented collectionscollections atat thethe properproper timetime forfor com­com­
parisonparison withwith 19621962 data.data. InIn 19641964 roadroad conditionsconditions againagain 
delayeddelayed accessaccess toto testtest waterswaters untiluntil mid-Augustmid-August whenwhen collectionscollections 
werewere attempted.attempted. AlthoughAlthough thethe techniquestechniques previouslypreviously usedused 
successfullysuccessfully werewere attempted,attempted, thethe effecteffect ofof thethe unusuallyunusually coolcool 
summersummer restrictedrestricted adequateadequate collectioncollection inin FlorenceFlorence LakeLake wherewhere 
fairfair numbersnumbers ofof dragonflydragonfly larvaelarvae werewere present.present. 

FINDINGSFINDINGS 

Live-carLive-car testtest fishfish mortalitymortality proceededproceeded moremore rapidlyrapidly 
duringduring seriesseries oneone thanthan duringduring seriesseries twotwo tests,tests, bothboth inin 19621962 
andand 1963,1963, likelylikely duedue toto thethe possiblepossible lowerlower vitalityvitality ofof thethe 
testtest fishfish atat thethe earlierearlier introductionintroduction date.date. DuringDuring 19621962 testtest 
fishfish inin thethe FingerFinger LakeLake deepdeep setset succumbedsuccumbed fromfrom oxygenoxygen deficiencydeficiency 
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soonsoon afterafter introduction.introduction. TablesTables 11 andand 22 containcontain thethe 19621962 
mortalitymortality percentagespercentages ofof testtest fishfish forfor bothboth series.series. 

InIn 19631963 allall testtest fishfish inin thethe FlorenceFlorence LakeLake deepdeep setset dieddied 
withinwithin 1111 daysdays afterafter introduction.introduction. NumerousNumerous sticklebackstickleback werewere 
foundfound inin thethe CrystalCrystal LakeLake livelive cars,cars, showingshowing thatthat reinfesta­reinfesta­
tiontion hadhad occurredoccurred viavia thethe intermittentintermittent outletoutlet toto LongLong Lake.Lake. 
TableTable 33 containscontains thethe 19631963 testtest fishfish mortalitymortality percentagespercentages forfor 
seriesseries one.one. SeriesSeries twotwo fishfish werewere removedremoved OctoberOctober 1818 whenwhen iceice 
formationformation began.began. TheThe solesole mortalitiesmortalities occurredoccurred atat FlorenceFlorence 
Lake,Lake, wherewhere allall fishfish dieddied inin thethe deepdeep livelive carcar afterafter 2323 days.days. 
ThreeThree fishfish hadhad dieddied inin thethe 5-foot5-foot unitunit atat thethe timetime ofof testtest 
termination.termination. 

AllAll samplesample fishfish werewere collectedcollected byby gillgill netnet inin 1964,1964, asas 
19631963 fishfish overwinteredoverwintered inin apparentlyapparently heathlyheathly conditioncondition inin allall 
stockedstocked testtest waters.waters. NoNo significantsignificant survivalsurvival comparisoncomparison 
amongamong thethe stockedstocked waterswaters couldcould bebe mademade fromfrom thethe samplessamples taken.taken. 

ResultsResults ofof thethe residualresidual toxintoxin analysesanalyses ofof fishfish fleshflesh forfor 
thethe 3-year3-year studystudy areare presentedpresented asas TableTable 4,4, andand resultsresults ofof thethe 
mudmud andand waterwater teststests areare summarizedsummarized inin TableTable 5.5. TheThe 19621962 re­re­
sultssults indicatedindicated thatthat WillowWillow LakeLake waswas lowestlowest inin toxicity,toxicity, like­like­
lyly duedue toto itsits shallowshallow naturenature andand waterwater exchangeexchange viavia inletinlet 
springssprings andand thethe outletoutlet drainage.drainage. ByBy latelate summersummer wildwild stickle­stickle­
backback andand fingerlingfingerling salmonsalmon werewere observedobserved inin thethe lake.lake. NextNext 
lowestlowest inin toxicitytoxicity waswas FingerFinger Lake,Lake, fromfrom whichwhich testtest fishfish mor­mor­
talitytality showedshowed aa 5-percent5-percent increaseincrease overover thatthat ofof WillowWillow Lake,Lake, 
andand 7.57.5 percentpercent overover thatthat ofof thethe control,control, WasillaWasilla Lake.Lake. AsAs 
aa result,result, itit waswas decideddecided toto introduceintroduce 50,00050,000 rainbowrainbow trouttrout toto 
FingerFinger Lake.Lake. WillowWillow LakeLake waswas omittedomitted fromfrom thethe plantingplanting programprogram 
becausebecause stockedstocked fishfish couldcould leaveleave viavia thethe outletoutlet atat will,will, andand 
competingcompeting wildwild salmonsalmon andand sticklebackstickleback werewere present.present. TheThe re­re­
mainingmaining fourfour waterswaters appearedappeared tootoo toxictoxic forfor survivalsurvival ofof gamegame 
fishfish inin 1962.1962. 

ResultsResults ofof thethe 19631963 samplesample analysesanalyses showedshowed progressiveprogressive 
detoxificationdetoxification ofof Bumblebee,Bumblebee, Crystal,Crystal, andand FlorenceFlorence Lakes,Lakes, 
althoughalthough FlorenceFlorence LakeLake remainedremained thethe mostmost toxictoxic water.water. NoNo 
significantsignificant changechange waswas apparentapparent atat FingerFinger andand WillowWillow Lakes,Lakes, 
thethe twotwo waterswaters consideredconsidered clearclear inin 1962.1962. FishFish residentresident inin 
thethe latterlatter twotwo waterswaters hadhad beenbeen subjectsubject toto thethe residualresidual toxintoxin 
effectseffects inin excessexcess ofof aa year,year, andand werewere sampledsampled byby gillgill net.net. AA 
buildupbuildup ofof toxintoxin inin thethe fleshflesh untiluntil thethe endend ofof thethe springspring over­over­
turnturn periodperiod waswas followedfollowed byby aa reductionreduction duringduring thethe summersummer sea­sea­
son.son. BetweenBetween JuneJune 1818 andand SeptemberSeptember 1212 thethe massmass ofof thethe fishfish 
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TABLETABLE 1.1. -- MortalityMortality PercentagesPercentages ofof Live-boxLive-box TestTest FishFish inin SixSix MatanuskaMatanuska ValleyValley Lakes,Lakes, fromfrom 
JuneJune 2222 toto AugustAugust 6,6, 1962.1962. 

LAKESLAKES 
BumblebeeBumblebee CrystalCrystal FingerFinger FlorenceFlorence LoonLoon WillowWillow 

DaysDays 5ft.5ft. 15ft.15ft. 5ft.5ft. 15ft.15ft. 16ft.16ft. *30ft.*30ft. 5ft.5ft. ** 33 Oft.Oft. 5ft.5ft. 35ft.35ft. 5ft.5ft. 15ft.15ft. 5ft.5ft. 
TestedTested ~~ %% .1..-.1..- %% %% %% .1...-.1...- %% ~~ %% 1...-1...- %% ~~ 

11	 1212 18.118.1 
44	 22.222.2 36.336.3 26.326.3 00 2020 100100 00 00 
66 52.652.6 00 33.333.3 
77 6565 55.555.5 00 
88 4444 72.772.7 

1111 61.161.1 72.772.7 57.857.8 100100 33.333.3 62.562.5 8080
 
1313 **85**85 88.888.8 66.666.6 72.772.7 **87.5**87.5 86.686.6
 
1515 72.272.2 86.386.3
 
1717 63.163.1 33.333.3
 

tvtv 
tvtv	 1818 **88.8**88.8 90.990.9 
ww	 2020 78.978.9 46.646.6 11.11. 77 

2121 **96**96 95.495.4 
2323 35.235.2 
2727 35.235.2 
2828 6060 
3131 52.952.9 
3535 **60**60 
3636 58.858.8 
4040 **76.4**76.4 

** DissolvedDissolved oxygenoxygen levelslevels becamebecame submarginal.submarginal.
 
**** SurvivorsSurvivors werewere sentsent forfor laboratorylaboratory toxicitytoxicity analysis.analysis.
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TABLETABLE 2.2. -- MortalityMortality PercentagesPercentages ofof Live-boxLive-box TestTest FishFish inin SixSix MatanuskaMatanuska ValleyValley LakesLakes fromfrom AugustAugust 2222
 
toto OctoberOctober 12,12, 1962.1962.
 

TESTTEST LAKESLAKES	 CONTROLCONTROL LAKESLAKES 
BumblebeeBumblebee CrystalCrystal FingerFinger FlorenceFlorence LoonLoon WillowWillow NancyNancy WasillaWasilla 

DaysDays 5ft.5ft. 15ft.15ft. 5ft.5ft. 15ft.15ft. 5ft.5ft. 16ft.16ft. 5ft.5ft. 35ft.35ft. 5ft.5ft. 15ft.15ft. 5ft.5ft. 5ft.5ft. 15ft.15ft. 5ft.5ft. 15ft.15ft. 
TestedTested -.L-.L %% -.L-.L %% 1-1- %% 1..-1..- %% ~~ %% ~~ -.L-.L %% --L--L %­%­

5-65-6 1010 1010 00 1515 00 00 1010 00 
7-87-8 55 1010 1515 55 55 00 00 
12-1312-13 1515 55 00 00 
15-1615-16 8080 4545 2525 5050 5555 7070 55 55 00 1010 00 
19-2019-20 5050 7575 00 3535 
21-2221-22 9595 8080 1515 55 7575 9090 55 1010 00 1010 00 
25-2625-26 7575 8585 1515 6060 1010 00 
27-2827-28 100100 9090 1515 55 100100 100100 55 2020 00 
31-3231-32 3030 8080 1010 00 

l\.)l\.) 

l\.)l\.)	 33-3433-34 1515 55 
H::oH::o	 35-3635-36 100100 8585 100100 55 3535 2020 

39-4039-40 100100 5050 8585 
41-4241-42 1515 1010 55 4040 3030 2020 00 
45-4645-46 6565 100100 
47-4847-48 1515 1515 4545 00 
49-5049-50 1010 5050 4545 
53-5453-54 8080 1010 4545 55 
55-5655-56 1515 3535 100100 
57-5857-58 1515 4545 
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TABLETABLE 3.3. -- MortalityMortality PercentagesPercentages 
JulyJuly 1010 toto SeptemberSeptember 14,14, 1963.1963. 

ofof Live-carLive-car TestTest FishFish inin FiveFive MatanuskaMatanuska ValleyValley LakesLakes fromfrom 

DaysDays 
TestedTested 

BumblebeeBumblebee 
5ft.5ft. 15ft.15ft. 

~~ %% 

TESTTEST LAKESLAKES 
CrystalCrystal FlorenceFlorence 

5ft.5ft. 15ft.15ft. 5ft.5ft. 15ft.15ft. 
-%-% %% %% %% 

LoonLoon 
5ft.5ft. 15ft.15ft. 
%% %% 

CONTROLCONTROL LAKELAKE 
NancyNancy 

5ft.5ft. 15ft.15ft. 
%% %% 

NN 
NN 
U1U1 

77 
1111 
1212 
1616 
2020 
2121 
2929 
3333 
3434 
3939 
4040 
4242 
4848 
5252 
6060 
6464 

1919 

3131 

3838 

3838 

carcar 

3131 

5050 

6363 

100100 

missingmissing 

5050 

5050 

100100 

5050 

7575 

7575 

100100 

3131 

4444 

63*63* 

100100 66 

1313 

1313 

19*19* 

3131 

6363 

7575 

7575 

2525 

5050 

6363 

100100 

2525 

5050 

5656 

6969 

7575 

100100 

** SurvivorsSurvivors removedremoved forfor residualresidual toxaphenetoxaphene analysis.analysis. 
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TABLETABLE 4.4. -- ResultsResults ofof AnalysisAnalysis ofof ResidualResidual ToxapheneToxaphene ContentContent ofof FishFish andand InsectInsect Flesh,Flesh, inin 
PartsParts PerPer Billion,Billion, 1962-1964.1962-1964. 

YearYear 
LakeLake *Species*Species 19621962 19631963 19641964 

BumblebeeBumblebee RtRt 14001400 100100 **none**none detecteddetected 

CrystalCrystal RtRt 500500 100100 144***144*** 

FingerFinger RtRt **none**none detecteddetected 100100 JulyJuly -- **none**none 
detecteddetected 
SeptemberSeptember -- 150150 

SSSS **none**none detecteddetected 
FlorenceFlorence RtRt 10001000 600600 299299 

l'Vl'V 
l'Vl'V InsectsInsects **none**none detecteddetected 
~~ 

LoonLoon RtRt 400400 500500 **none**none detecteddetected 

WillowWillow SSSS 100100 JuneJune -- 200200 
SeptSept emberember -- 100100 

*Rt*Rt -- rainbowrainbow trouttrout 
SSSS -- silversilver salmonsalmon
 

**** lessless thanthan 100ppb.100ppb.
 

****** AnalysisAnalysis conductedconducted byby differentdifferent laboratory.laboratory.
 



--

TABLE 5. - Results of Analysis of Residual Toxaphene Content of Mud 
Water Samples, in Parts per Billion, 1962-63. 

Sample ** Toxaphene 
Lake Year Size Depth Concentration~ 

Bumblebee 1962	 water 1 gal. 10' 0.75 
water 2 qts. 25' *none detected 
mud 2 qts. 10' 150 
mud 1 qt. 30' less than 50 

1963 water 1 gal. 5'	 *none detected 

Crystal 1962	 water 1 gal. 10' 0.5 
water 2 qts. 16 ' *none detected 
mud 2 qts. 9' 50 
mud 1 qt. 19' less than 50 

1963 water 1 gal. 5 '	 *none detected 

Finger 1962	 water 1 gal. 10' *none detected 
water 2 qts. 32' *none detected 
mud 2 qts. 10' less than 250 
mud 1 qt. 35' less than 150 

1963 water 1 gal. 5' spring *none detected 
test 

water 1 gal. 20' " *none detected 
IIwater 1 gal. 35 1 *none detected 

water 1 gal. 51 fall test *none detected 

Florence 1962	 water 1 gal. 10 1 less than 1.0 
water 2 qts. 32 1 0.5 
mud 2 qts. 10 1 less than 250 
mud 1 qt. 37 1 less than 350 

1963 water 1 gal. 5 I	 *none detected 

Loon 1962	 water 1 gal. 6 1 0.5 
water 2 qts. 18' *none detected 
mud 2 qts. 6 I 50 
mud 1 qt. 20 1 less than 50 

1963 water 1 gal. 5 '	 *none detected 

Willow 1962	 water 1 gal. 5 ' *none detected 
water 2 qts. 8 1 *none detected 
mud 2 qts. 6' less than 50 
mud 1 qt. 12' less than 50 

1963 water 1 gal. 51	 *none detected 

* less than 0.5 
** Extent of determination was dependent upon condition of sample 

received. 
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samplessamples atat WillowWillow LakeLake increasedincreased aboutabout 4.44.4 times,times, whilewhile thethe 
fleshflesh contentcontent toxicitytoxicity decreaseddecreased byby 5050 percent.percent. FishFish massmass 
increasedincreased aboutabout 6.86.8 timestimes atat FingerFinger LakeLake whilewhile fleshflesh contentcontent 
toxicitytoxicity decreaseddecreased byby 93.793.7 percent,percent, betweenbetween MayMay 1717 andand 
SeptemberSeptember 12.12. FollowingFollowing aa studystudy ofof live-carlive-car mortalitymortality pat­pat­
ternsterns andand analysisanalysis results,results, aa decisiondecision waswas mademade toto introduceintroduce 
rainbowrainbow trouttrout experimentallyexperimentally toto thethe fourfour barrenbarren testtest waters.waters. 
FingerFinger LakeLake receivedreceived aa secondsecond plantplant ofof 87,00087,000 fingerlingfingerling sil ­sil ­
verver salmon.salmon. AtAt thatthat timetime itit waswas notednoted thatthat aa smallsmall popula­popula­
tiontion ofof sticklebackstickleback waswas present.present. WillowWillow LakeLake waswas againagain 
omittedomitted fromfrom thethe plantingplanting programprogram duedue toto naturalnatural reinfestation.reinfestation. 

AA listlist ofof experimentalexperimental plantingsplantings toto thethe testtest lakeslakes dur­dur­
inging thethe studystudy periodperiod isis includedincluded asas TableTable 6,6, below.below. 

TABLETABLE 6.6. -- ExperimentalExperimental PlantingPlanting DensitiesDensities forfor SixSix Toxaphene­Toxaphene­
TreatedTreated StudyStudy Lakes,Lakes, 1962-64.1962-64. 

LakeLake	 YearYear *Species*Species TotalTotal FishFish 

BumblebeeBumblebee	 19631963 RtRt 5,0005,000 
19641964 RtRt 2,5002,500 

CrystalCrystal	 19631963 RtRt 10,00010,000 
19641964 RtRt 5,0005,000 

FingerFinger	 19621962 RtRt 50,00050,000 
19631963 SSSS 87,00087,000 
19641964 RtRt 18,00018,000 

FlorenceFlorence	 19631963 RtRt 8,0008,000 
19641964 RtRt 4,0004,000 

LoonLoon	 19631963 RtRt 10,16010,160 
19641964 RtRt 2,5002,500 

*Rt*Rt -- rainbowrainbow trouttrout 
SSSS -- silversilver salmonsalmon 

JulyJuly andand SeptemberSeptember testtest netnet studiesstudies inin 19641964 discloseddisclosed 
thatthat numbersnumbers ofof fishfish inin healthyhealthy conditioncondition hadhad overwinteredoverwintered 
successfullysuccessfully inin allall studystudy lakes.lakes. ComparisonComparison ofof JulyJuly andand 
SeptemberSeptember testtest resultsresults atat FingerFinger LakeLake showedshowed nono significantsignificant 
changechange inin thethe toxicitytoxicity level.level. MudMud andand waterwater teststests werewere sus­sus­
pendedpended duedue toto thethe insignificantinsignificant amountsamounts ofof toxintoxin foundfound inin 
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TABLETABLE 7.7. -- AA ComparisonComparison ofof PhysicalPhysical Characteristics,Characteristics, plusplus ResidualResidual ToxapheneToxaphene ContentContent andand 
MortalityMortality ofof TestTest FishFish inin SixSix TreatedTreated Lakes,Lakes, 1962-1964.1962-1964. 

Max.Max. DepthDepth Thermo-Thermo- ToxapheneToxaphene inin FishFish FleshFlesh TestTest FishFish MortalityMortality 

-­LakeLake-­
WillowWillow 

inin FeetFeet 

1111 

FingerFinger 4444 

!'0!'0 
!'0!'0 
1.01.0 

LoonLoon 

CrystalCrystal 

2020 

2525 

BumblebeeBumblebee 3737 

FlorenceFlorence 4040 

** 
**** 

PartsParts perper billionbillion 
lessless thanthan 100100 

clinecline 

nono 

yesyes 

nono 

nono 

yesyes 

yesyes 

YearYear 

19621962 
19631963 

19621962 
19631963 
19641964 

19621962 
19631963 
19641964 

19621962 
19631963 
19641964 

19621962 
19631963 
19641964 

19621962 
19631963 
19641964 

*Content,*Content, p.p.b.p.p.b. No.No. DaysDays 

100100 5454 
JuneJune -- 200200 
SeptemberSeptember -- 100100 

**none**none detecteddetected 5858 
100100 
JulyJuly -- **none**none detecteddetected 
SeptemberSeptember -- 150150 

400400 5656 
500500 6464 
**none**none detecteddetected 

500500 4040 
100100 5252 
144144 

14001400 3636 
100100 4040 
**none**none detecteddetected 

10001000 2828 
600600 4242 
299299 

PercentagePercentage 

1010 

3030 

100100 
4747 

100100 
100100 

100100 
6969 

100100 
81.581.5 
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previousprevious samples.samples. ResultsResults ofof laboratorylaboratory analysisanalysis ofof fishfish 
fleshflesh showedshowed thatthat FlorenceFlorence LakeLake maintainedmaintained thethe highesthighest levellevel 
ofof toxicity.toxicity. TheThe apparentapparent slightslight riserise inin toxicitytoxicity ofof CrystalCrystal 
Lake,Lake, althoughalthough insignificant,insignificant, maymay bebe thethe resultresult ofof techniquetechnique 
deviationsdeviations betweenbetween thethe twotwo laboratorieslaboratories utilizedutilized inin 19631963 andand 
1964.1964. 

ResultsResults ofof planktonplankton andand invertebrateinvertebrate speciesspecies samplingsampling 
inin 19621962 showedshowed thatthat lowlow populationspopulations werewere presentpresent inin allall 
waters,waters, whichwhich isis consideredconsidered partlypartly duedue toto thethe lowlow basicbasic 
productivityproductivity ofof thesethese lakes.lakes. WillowWillow andand FingerFinger LakesLakes con­con­
tainedtained thethe bestbest populationspopulations whichwhich includedincluded fairfair numbersnumbers ofof 
SigaraSigara andand lowlow numbersnumbers ofof Gammarus.Gammarus. 

RelativeRelative toxicitytoxicity ofof fishfish fleshflesh appearsappears toto bebe aa functionfunction 
ofof maximummaximum depthdepth andand percentagepercentage ofof waterwater volumevolume belowbelow plantplant 
productionproduction levels.levels. TableTable 77 comparescompares physicalphysical characteristics,characteristics, 
residualresidual toxintoxin contents,contents, andand testtest fishfish mortalitiesmortalities atat thethe sixsix 
lakes.lakes. FingerFinger LakeLake isis notnot thethe exceptionexception itit wouldwould seem.seem. TheThe 
twotwo deepdeep areasareas ofof smallsmall sizesize andand thethe extensive,extensive, undulatingundulating 
shorelineshoreline resultresult inin aa smallsmall percentagepercentage ofof waterwater volumevolume belowbelow 
thethe plantplant productionproduction level.level. TheThe otherother lakeslakes involvedinvolved fallfall 
intointo thethe characteristiccharacteristic bowlbowl shapeshape category.category. 

FactorsFactors workingworking againstagainst detoxificationdetoxification inin thethe sixsix studystudy 
lakeslakes areare thethe shortshort coolcool summers,summers, longlong periodsperiods ofof winterwinter iceice 
covertcovert acidacid waterwater conditions,conditions, andand generalgeneral deficiencydeficiency ofof micro­micro­
organisms.organisms. TheThe breakdownbreakdown ofof toxaphenetoxaphene dependsdepends uponupon sunlight,sunlight, 
highhigh temperature,temperature, oxygenoxygen producedproduced fromfrom plantsplants andand windwind agita­agita­
tion,tion, alkalinealkaline conditions,conditions, andand micro-organisms.micro-organisms. TheThe moremore rapidrapid 
clearingclearing ofof WillowWillow andand FingerFinger LakesLakes isis consideredconsidered toto bebe thethe 
resultresult ofof higherhigher aquaticaquatic plantplant andand algaealgae productionproduction andand largerlarger 
percentagepercentage ofof shoalshoal areaarea exposedexposed toto sunlightsunlight andand windwind agita­agita­
tiontion thanthan thethe otherother treatedtreated lakeslakes involved.involved. InIn addition,addition, 
FingerFinger andand WillowWillow LakesLakes areare thethe solesole waterswaters inin thethe testtest groupgroup 
whichwhich havehave smallsmall butbut permanentpermanent outletsoutlets forfor waterwater exchange.exchange. 

PreparedPrepared by:by:	 ApprovedApproved by:by: 

DanDan McGinnisMcGinnis s/sl LouisLouis S.S. BandirolaBandirola 
FisheryFishery BiologistBiologist D-JD-J CoordinatorCoordinator 

Date:Date: MarchMarch IS,IS, 19651965	 s/sj AlexAlex H.H. McRea,McRea, DirectorDirector 
SportSport FishFish DivisionDivision 
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